Objective: To test the hypothesis that increasing community antiretroviral therapy (ART) coverage would be associated with lower HIV incidence in female sex workers (FSWs) in Mombasa District, Kenya.
Background
The HPTN-052 trial demonstrated that early initiation of antiretroviral therapy (ART) in HIV-serodiscordant couples reduced HIV transmission by 96% compared with standard ART initiation [1] . Observational data from discordant couples, including a meta-analysis of nine studies, also showed a significant, though more modest, 42% reduction in HIV transmission when the HIVpositive partner was on ART [2] . Large ecological studies have found associations between community ART coverage, community viral load, and incident HIV infections at the community level [3, 4] . One study examined the association between community ART coverage and individual-level HIV risk [5] . This study demonstrated that for each 10% increase in ART coverage, there was a significant 14% decline in the risk of HIV acquisition in uninfected individuals.
The effect of community ART coverage on individuallevel risk of HIV acquisition in female sex workers (FSWs) has not been evaluated. This question has important implications for HIV prevention. FSWs are disproportionately affected by HIV, stigmatized, difficult to reach, and may be resistant to prevention efforts targeted to the general population [6] . Although they represent only approximately 1% of the general population, FSWs account for about 14% of new HIV infections in high-prevalence countries like Kenya [7] . We hypothesized that increasing community ART coverage would be associated with lower HIV incidence in FSWs in Mombasa District (now Mombasa subcounty), Kenya, independent of their individual-level risk factors for HIV acquisition.
Methods

Population and procedures
Between February 1993 and December 2012, we recruited FSWs using procedures that remained constant throughout the enrolment period. Outreach meetings were conducted at bars around Mombasa District one to two times each month. The meetings were coordinated through peer leaders who helped to identify venues and notify colleagues of meetings. Outreach staff provided a talk on a health topic requested by women in the community, as well as general information about the research clinic. Interested women were provided with a referral card and invited to visit the research clinic, located in the Ganjoni Municipal Communicable Disease Control Centre. Ganjoni Clinic has been a primary venue for FSW sexually transmitted infection (STI) testing and treatment in Mombasa for over 25 years.
FSWs who were HIV-negative and 18 years and above were invited to participate in a prospective open cohort study of risk factors for HIV acquisition as previously described [8] . All participants self-reported exchanging sex for cash or in-kind payment. The majority of women reported working in bars, where they met local male clients [9] . At enrolment and monthly follow-up visits, women were interviewed to ascertain demographic information, medical history, and sexual risk behavior. The women also had a monthly physical examination with collection of blood and genital specimens for diagnosis of HIVand STIs. Risk reduction counseling and condoms were provided at each visit, and STIs were treated according to Kenyan national guidelines. Ethical approval for the study was obtained from the University of Washington Human Subjects Research Committee, the Fred Hutchinson Cancer Research Center Institutional Review Board, and the Kenyatta National Hospital Ethics and Research Committee. All participants provided written informed consent. [10] . Culture of cervical secretions for Neisseria gonorrhoeae was performed on modified Thayer-Martin media. Cervicitis was defined as the presence of an average of 30 or more polymorphonuclear leukocytes per high-power field of Gram-stained cervical secretions. Beginning in 2006, additional testing for N. gonorrhoeae and Chlamydia trachomatis was performed using the Gen-Probe APTIMA Combo-2 Assay (Hologic/Gen-Probe). Serological testing for herpes simplex virus type-2 (HSV-2) was performed using a type-specific HSV-2 gG-based ELISA (HerpeSelect 2; Focus Diagnostics, Cypress, California, USA). Index values 2.1 or more were considered positive [11] .
Serology and microbiology
Estimation of HIV prevalence and antiretroviral therapy coverage in Mombasa District
The prevalence of HIV in adults (15-64 years) in Mombasa District was estimated to be the same as the national HIV prevalence for Kenya; prevalence in Mombasa has mirrored national trends throughout the epidemic, and national data are more complete. Prevalence data from 1998 to 2006 came from online resources [12] , 2007 to 2011 from the most recent Kenya AIDS Epidemic Update [7] , and 2012 from the Kenya AIDS Indicator Survey (KAIS) conducted in that year [13] . Sensitivity analyses substituting Coast Province data for national data to estimate HIV prevalence utilized data from KAIS 2007 and KAIS 2012 [13, 14] . Most communities in Mombasa County traditionally circumcise men [15] . Over 94% of men who participated in a national survey in 2009 reported that they had been circumcised. Kenyan guidelines for ART initiation in 2003 recommended treatment for patients with CD4 þ cell counts less than 200 cells/ml or WHO stage IV disease. Guidelines were modified in 2005, adding a recommendation to initiate treatment in patients who had WHO stage III disease together with CD4 þ cell counts less than 350 cells/ml. In 2011, guidelines were further modified to recommend ART initiation for all patients with CD4 þ cell counts less than 350 cells/ml, regardless of disease stage. There was no recommendation for use of antiretroviral medications for preexposure prophylaxis during the period of this study.
Data analysis
Statistical analyses were performed using SPSS Version 22.0 (IBM, Armonk, New York, USA) and Stata Version 13.1 (StataCorp., College Station, Texas, USA). All HIV-negative women who were either continuing participants or enrolled on or after 1 January 1998 and provided one or more follow-up visit were included in analyses. This provided 5 years of pre-ART follow-up (1998) (1999) (2000) (2001) (2002) (2003) , avoiding the initial 4 years of enrolment (1993) (1994) (1995) (1996) (1997) , during which accrual of lower risk women predictably led to a reduction in overall incidence [18] . Women were included in analyses up to HIV seroconversion or their last follow-up visit, whichever occurred first.
The association between community ART coverage and HIV acquisition was evaluated using Cox proportional hazards regression. Although the main covariate of interest, community ART coverage, was measured at an ecological level, the unit of analysis was the individual FSWs. The base model included two variables, community HIV prevalence and ART coverage. The latter variable was scaled to each 10% change in overall community coverage. Both variables were analyzed as time varying by calendar year. A multivariate model was constructed to control for known or suspected potential confounding factors that were selected a priori. These included baseline educational level (8 vs. >8 years), parity (2 vs. >2), workplace (bar vs. nightclub vs. other), and vaginal washing practices (none vs. water only vs. soap or other substances). The multivariate model also included time-varying adjustment for years of sex work (1, >1 to <5, 5 to <10, and 10), contraceptive method (no contraception or tubal ligation, oral contraceptive pills, depot medroxyprogesterone acetate, Norplant, and intrauterine device), number of sex partners in the last week (1 vs. >1), sexual frequency in the last week (1 vs. >1), episodes of unprotected sex in the last week (0 vs. 1), and presence of genital tract conditions (bacterial vaginosis, T. vaginalis, C. trachomatis, N. gonorrhoeae, cervicitis, and genital ulcer disease). We also included time-varying adjustment for HSV-2 serostatus. Adjustment for time-varying age categories was dropped from the multivariate model, as this variable was collinear with years of sex work, and the latter was more strongly associated with HIV risk. To test the specificity of the community ART coverage effect on HIV incidence, we used the same analytical approach to examine the association between community ART coverage and HSV-2 incidence.
Continuous measures were dichotomized using cutoffs based on our prior analyses [19] . As in prior studies, the analyses included an effect window of 60 days to capture the influence of other genital tract infections on HIV susceptibility. For sexual behaviors, an average was calculated for each year of follow-up to capture average behavior over time.
Of the variables included in the multivariate model for 23 570 visits, only contraceptive method, missing at 32 (0.1%) visits, and HSV-2 status, missing at 52 (0.2%) visits, had missing data. Thus, all analyses were complete case with no adjustment for missing data.
Results
Between January 1998 and December 2012, 4920 women were screened and 1929 (39%) were HIV negative. Of the HIV-negative women, 1777 (92%) returned to clinic for a baseline HIV-negative visit and 1404 (73%) contributed at least one follow-up visit to the survival analyses. Baseline characteristics of the cohort are shown in Table 1 . There was no significant association between community HIV prevalence and FSWs' risk of HIV infection in the base model [hazard ratio (HR) 0.97, 95% CI 0.87-1.09], as shown in Table 2 . On the other hand, community ART coverage was significantly inversely associated with HIV incidence (HR 0.70; 95% CI 0.56-0.88; P ¼ 0.002). This association remained significant after adjustment for potential confounding factors, as detailed in the 'Methods' section [adjusted HR (aHR) 0.77; 95% CI 0.61-0.98; P ¼ 0.03], suggesting that each 10% increase in community ART coverage was associated with a 23% reduction in the relative hazard for FSWs becoming HIV infected. To determine whether the source of Mombasa District HIV prevalence data influenced the results, we performed a sensitivity analysis substituting data from the Kenya AIDS Indicator Surveys of 2007 and 2012 for the NASCOP data. This analysis produced very similar results, in which the effect of ART on HIV incidence remained significant (aHR 0.79; 95% CI 0.62-1.00; P ¼ 0.05).
There were 366 women who were initially HSV-2 seronegative, of whom 107 became HSV-2 seropositive during 553 person-years of follow-up (19.34/100 person-years). In contrast to our findings for HIV incidence, community ART coverage was not associated with HSV-2 incidence in the base model (HR 0.97; 95% CI 0.79-1.20; P ¼ 0.8). This finding remained nonsignificant after adjustment for the same set of cofactors included in our multivariate model for HIV incidence (aHR 0.99; 95% CI 0.78-1.25; P ¼ 0.9).
Discussion
This 15-year prospective study demonstrated a strong association between community ART coverage and the risk of HIV acquisition in Kenyan FSWs. Each 10% increase in community ART coverage was associated with a 23% decrease in the relative hazard for becoming HIV infected. These findings remained significant after careful individual-level adjustment for potential confounding factors. The association with HIV incidence, but not HSV-2 incidence, suggests that the effect of community ART coverage may be specific to HIV. In fact, community ART coverage had virtually no effect on HSV-2 incidence, and the CIs around this effect exclude the point estimate for the effect of community ART coverage on HIV incidence. To our knowledge, this is the first study to investigate the effect of community ART coverage on the risk of HIV in FSWs. Future studies in different populations of high-risk women will help to 2282 AIDS 2015, Vol 29 No 17 determine the degree to which these findings are generalizable in other high and lower HIV prevalence settings.
It is notable that HIV incidence in this cohort began to decline after 1999, whereas ART did not become available at any appreciable level until 2003. This observation highlights an important point. Our analysis does not demonstrate that community ART coverage was the only factor driving the reduction in HIV incidence.
As noted in other studies in Kenya, ongoing changes in the cohort's demographics, risk behaviors, STI rates, contraceptive choices, intravaginal practices, immunogenetic shifts in at-risk women, HIV-prevention efforts in the community, and other factors are likely to have contributed [20, 21] . Our data are consistent with the observations of regional HIV incidence trends in Africa, which noted declines since the mid-1990s, likely because of multiple factors including the effects of HIV prevention programs supporting behavioral change, condom use, and syndromic management of STIs [20] [21] [22] . Two crucial features of this analysis of Mombasa FSWs support our ability to examine a possible effect of ART on transmission in the context of these ongoing changes. First, women in the Mombasa Cohort had consistent access to high-quality prevention interventions including risk reduction education, condom promotion and free condoms, free laboratory screening and treatment for STIs, and regular HIV testing throughout the analysis period. Second, because our data allow individual-level adjustment for key variables including sexual risk behaviors, condom use, STIs, and other biological and behavioral exposures, this analysis is able to show that community ART coverage may be an independent predictor of lower HIV incidence in FSWs. Our approach makes no assumptions about lower or upper thresholds for the effect of community ART coverage on HIV incidence in sex workers.
There is strong biological plausibility, as well as observational [3, 4] , modeling [23] , and randomized trial evidence supporting the role of ART in reducing HIV infectivity and decreasing transmission [1, 2] . The single previous study that examined individual-level HIV risk in relation to community ART coverage demonstrated a 14% decrease in general population HIV incidence for every 10% increase in ART coverage [5] . Both in FSWs and the general population, the average risk of sexual contact with an untreated partner would be expected to decline with increasing ART coverage. The resulting decline in population HIV incidence could be enhanced by community-level factors including decreases in the incidence of highly transmissible acute infections and disruption of transmission within sexual networks including concurrent partnerships [24, 25] .
In this analysis, there was no significant association between population HIV prevalence and HIV incidence in FSWs. This may be a result of the inaccuracy and imprecision inherent in using population HIV prevalence as a proxy for the prevalence of HIV in clients of FSWs. We may also have lacked power to demonstrate a significant association. Related to this, the rate of decline in HIV prevalence in the general population was not as marked as the rate of increase in ART coverage in HIV positives (Fig. 1) . ART effectively transitions HIV-infected sexual partners to being similar to HIVuninfected partners in terms of infectiousness, making it conceptually similar to an accelerated decline in HIV prevalence.
This study had a number of strengths. Prospective data collection with frequent follow-up provided good precision for estimating the time of HIV acquisition. In addition, although community ART coverage is necessarily an ecological-level exposure, the study design facilitated careful individual-level adjustment for variables that could have biased the association between ART coverage and HIV risk. Importantly, the measure of community ART coverage would capture both biological effects of treatment on infectiousness and ART-associated behavior changes in the community such as increased HIV testing, disclosure, and changes in risk behavior. The 15-year follow-up and large sample size facilitated a unique longitudinal analysis with sufficient power to evaluate the impact of ART coverage on HIV incidence. The continuous open cohort design minimized the risk of observing the expected decline in HIV incidence when following a closed cohort [18] . Finally, the inclusive approach to enrolment of HIV-negative FSWs, excluding only those too young to participate, is likely to make these 2284 AIDS 2015, Vol 29 No 17 results generalizable to other populations of high-risk women in Africa. Additional analyses from other groups who have conducted open cohort studies of FSWs over periods spanning the pre-ART and post-ART rollout will be important for examining the presence and magnitude of this association in other populations.
There were limitations to this analysis, some of which could have inflated the apparent effect of community ART coverage on HIV incidence. First, changes may have occurred in the community over time that influenced HIV incidence through mechanisms that are independent of ART coverage. Owing to the fact that we did not have data on spatial distribution of ART coverage within Mombasa District, we could not adjust for calendar time as a reflection of other factors that might have changed such as blood safety, injection safety, migration, and seroadaptive behavior. Second, sexual risk behaviors were self-reported. Prior research has demonstrated that reported risk behaviors are predictive of markers of unprotected sex in this cohort [26] . Nonetheless, some misreporting due to social desirability bias or inaccurate recall can be anticipated. Third, we measured community ART coverage rather than ART coverage specifically in the clients of FSWs. Clients may, in fact, be from elsewhere, and may have higher or lower rates of ART coverage. Importantly, ART coverage in Mombasa mirrored coverage nationally, as detailed in the 'Methods' section. In addition, community ART coverage could impact FSW incidence indirectly, through reductions in the incidence and prevalence of HIV in clients. Fourth, this analysis did not have a prespecified sample size. Rather, we chose to analyze data over a fixed time period that encompassed 5 years prior to the introduction of large-scale ART programs in Mombasa and 10 years of increasing ART coverage. Almost 20% of women who were HIV-negative at baseline did not return for follow-up. We have previously shown that women lost to follow-up from this cohort tend to have lower risk behavior, but that loss of these women did not bias the effect estimates of risk factors for HIV [27] . Still, we cannot rule out attrition as a source of bias. Fifth, FSWs who joined the cohort may differ from nonenrolled FSWs in the community. This would not influence the study's internal validity, but could limit generalizability. Finally, this analysis relied on census and HIV program data for estimates of HIV prevalence and ART coverage [12] [13] [14] 16] . As there was no centralized reporting of district-level ART coverage prior to 2011, we used linear interpolation to estimate coverage between the pre-ART period (0% before 2002) and 2011. As detailed in the 'Methods' section, the increase in ART coverage in Kenya did closely parallel this assumption of linearity. In addition, the findings were robust to sensitivity analyses in which community HIV prevalence and the resulting proportion of HIV-positive individuals on ART were derived using different sources.
Key populations including FSWs have been directly targeted with HIV prevention interventions since early in the epidemic. Declines in HIV incidence prior to the ART rollout may well have resulted from programs focused on behavior change, condom use, STI treatment, and HIV testing. On the contrary, direct antiretroviralbased interventions such as preexposure prophylaxis and antiretroviral-containing microbicides, which have demonstrated efficacy in other populations [28, 29] , have produced disappointing results in HIV prevention trials with FSWs [30, 31] . Our present study suggests that in the setting of ongoing high-quality direct prevention services, FSWs risk of acquiring HIV infection might be further reduced through the indirect approach of increasing ART coverage in the community. Modeling studies have reached similar conclusions about the complementary effects of condom use and STI treatment on HIV incidence in FSWs, even when ART is available [32] . This effect could result in further declines in HIV incidence in the general population, as fewer new infections would be transmitted from HIV-positive FSWs. In this context, increasing ART coverage to include all adults with CD4 þ cell counts less than 500 cells/ml, as recommended by WHO and adopted in Kenya in 2014 [33] , could provide a substantial HIV prevention benefit. D.K. collected and managed the data. B.A.R. performed the statistical analysis and K.O.-D. created the figure. All authors contributed to interpretation of the data. R.S.M. prepared the initial draft manuscript. All authors contributed to editing and approved the final version of the manuscript.
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